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EXPERIMENTAT.L.Y DETERMINED NATURAT. VIBRATION MODES OF SOME
CANTTILEVER-WING FLUTTER MODELS BY USING AN
ACCELERATTON METHOD

By Perry W. Hanson and W. J. Tuovila
SUMMARY

Three-dimensional views are presented of the first three naturel
vibration mode shapes of ten cantilever-wing models. A table of nor-
melized deflections at six spanwise and five chordwlse stations is
included for each mode. These mode shapes were measured by a rather
unique experimental technique using grains of sand as accelerometers.
The technique, which is particularly suited for measuring mode shapes
of small wing models, 1is described and some of the difficulties likely
to be encountered in applying the technique are discussed.

INTRODUCTION

In order to perform a modal-type flutter analysis of a wing, it is
necessary to know the first few natural vibration modes. Several experi-
mental methods can be used to determine them. A photographic technique
is described in reference 1. Mirrors placed on the wing can be used %o
measure slopes from which deflections can be computed; accelerometers or
micrometers which incorporate various sensing devices can be used to meas-
ure amplitudes directly. Mode shapes can also be calculated from measured
influence coefficients. (See, for example, refs. 2 and 3.) These methods
have dlsadvantages, however, when used on small wing models.

This paper describes a technique that is particularly suited for the
measurement of mode shapes of small wing models. This technique is an
extension of the technique described in reference 4 with the "chatter
bar" replaced by sand. In addition to a description of the new tech-
nique, the first three mode shapes of ten cantilever-wing models are
presented.
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SYMBOLS

A aspect ratio

b wing semichord at root measured parallel to alrstreeam

fn netural vibration frequency for the nth mode, cps

1 length of semlspan of model measured normal to stream direction

t thickness of wing

X chordwise station, measured parsllel to root chord from
leading edge

v spanwise statlon, measured perpendicular to root chord from
the root

z airfoill thickness ordinate, (ﬁ%)loo

A sweepback angle of quarter-chord line

A taper rstio

EXPERIMENTAI TECENIQUE FOR DETERMINING NATURAL VIBRATION MODES

General Concept

A new technique, which may be termed "the 1 g method," is used in
determining the natural vibration modes given in the present report.
The technique is based on the princlple that the acceleration of a par-
ticdle vibrating in simple harmonic motion is the product of its emplitude
and circular frequency squared. At any glven frequency, therefore, par-
ticles having equal accelerations will also have equal amplitudes. An
acceleration corresponding to that of gravity occurs when a partlcle
placed on a vibrating wing just begins to rise from the surface.

In the 1 g method, the wing surface 1s sprinkled with sand and vibra-

ted at one of 1ts natural frequencies. A line, or lines, along which

the acceleration is equasl to gravity and the amplitude is, therefore,
constant is obtained between regions of bouncing and stationary sand.

By changing the magnitude of the exciting force the wing amplitudes are
changed and the locestion of the 1 g line or lines is changed. This 1s
illustrebed in figure 1 which shows a hypotheticel wing vibreting in

first bending at three discrete amplitudes. The gbscissa is the wing
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semispan and the ordinate 1s the accelerstion. The cross-hatching on
each curve represents regions where the sand is bouncing (accelerations
greater than that of gravity). The boundaries between regions of bouncing
and stationary sand are shown at spanwise locations &, b, and c. For
each of the three wing amplitudes shown in figure 1, the strain is meas-
ured st the wing root. It is assumed that the wing amplitude varies lin-
early with root strain and that the relative distribution of amplitude
(mode shape) is independent of absolute amplitude. The following enalysis
shows how the root strains ere used to convert the 1 g lines into "contour
lines" that define the wing mode shape. (Refer to figure 1.)

Tet an be deflection at semispan location x for wing ampli-

tude n and o, be strain associated with emplitude =n, and its corre-
sponding 1 g line. Then,

_55.1 = 5 or ’535 = 0_1-6558'1)

If similar relations are written for the other deflections, based on
the asrbitrery wing amplitude 3, at spanwise stations b and ¢, the
quantity in the parenthesis is seen to be a constant. Since the deflec-
tions defining the mode shape are relative, this constant mey be taken
to be 1. The 1 g lines thus become contour lines with amplitudes equal
to the reciprocal of the strain assoclated with the line. By varying
the magnitude of the wing exciting force in six or seven steps, a suf-
ficient number of combour lines are located to define the mode shape.

Equipment

The wing models were cantilevered from & large backstop and were
excited acoustically by & public address system loudspeaker with the
horn removed. The loudspesker was driven by a wide-range oscillstor
through & direct-coupled amplifier. The signal from strain geges on
the wing root was fed through an smplifier to an electronic voltmeter
placed beside the wing. A modified seriel camera mounted on the backstop
sbove the wing was used to photograph the sand pattern and the voltmeter
reading for each contour line. The sand used was washed and throughly
dried to minimize sticking to the wing.

Technique
After clamping the model to the backstop, it was carefully cleaned

to remove dirt and fingerprints which might cause the sand to stick to
the wing. The loudspesker unit was placed beneasth the wing and the output
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frequency veried until reasonance In the desired natural mode was indi-
cated by a maximum deflection of the volimeter needle.

The loudspeaker was turned off end sand was sprinkled lightly over
the surface of the model. The volume of the loudspesker was slowly
increased until the sand just started moving somewhere on the wing,
usually at the tip or along one of the edges, depending on the mode.

The camera shutter was opened for a time exposure to record the movement
of the sand and the corresponding root strain indicated on the dial of-
the electronic voltmeter. Also recorded in the photogreph were the wing
identification and numbers indiceting the attenustion setting of the
strain-gage amplifier. The volume of the loudspesker was further
increased to move the contour line to a different position on the wing
and another photogreph was taken. The process was repeated in steps
until &1l the send on the wing was moving except along the node lines.
Usually, six or seven photographs were sufficient to give a good spacing
of the contour lines from the wing tip or edges to the node lines.

Interpretation of Data

The raw data are a series of photographs, each showing regions where
the sand is blurred (moving) and sharp (stationary) and a meter reading
and amplifier sttenuation showing the corresponding root strain. A sample
photograph is shown in figure 2. Here the wing is vibrating in the third
mode and two regions of stationary sand, A ‘and. C, and two reglons of
moving sand, B and D masy be seen. Regions A and C are vibrating with
an acceleration less than that of gravity, and regions B and D with an
acceleration greater than that of gravity. The lines separating these
regions are vibreting with an acceleration equal to that of gravity and
therefore are lines of equal amplitude. The meter reading multiplied
by the amplifier attenuation, 30, glves the relative strain at the root
associated with these partlcular lines. The numbers and letters at the
top of the photograsph are wing, mode, and frequency identifications.

Lines separating the regions of moving and stationary send were
drawn on each photograph and a composite drawing of the wing was made
showing the locatlions of the various lines of equal amplitude. The
reciprocal of the root strain for each of these lines was noted on the
composite drawing. These numbers indicate the relative deflection of
the wing along thet particular line. A sample composite drawing is
shown in figure 3. The whole nurbers beside each line identify the
photograph from which the lines were dbtained and the fractional numbers
indicate the relaetive deflection. -

Each wing was dlvided 1lnto six spanwise stations at 0.1, 0.3, 0.5,
0.7, 0.9, and 1.0 semispan, and five chordwise stations at 0, 0.25, 0.50,
0.75, and 1,00 chord, as shown in figure 3. A plot was made of relative
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amplitude of deflection against semispan distance y/l at each of the
five chordwise stations. Another plot was made of relative amplitude

of deflection agailnst chord, x/2b, at each of the six semispan stations.
After fairing each of these plots by cross reference to the other, the
values of the relative deflections at the intersections of the various
spanwise and chordwlse stations were normalized on the maximum deflection
and arranged in tabular form. Examples of such plots are shown in fig-
ures 4 and 5. A three-dimensional composite view, as shown in figure 6,
was chosen to illustrate the mode shapes because of the complexity of some
of the modes.

Limitetions

The acceleration technique described in this paper has certein
inherent limitatlions.

The surface of the wing must be nearly horizontal so that sand
particles do not roll and thereby give the impression of bouncing.
This condition is encountered at the leading edge of most airfoil shapes;
however, with a I1ittle experience, allowance for this effect can be made
in the interpretation of the results. A thick symmetrical double~wedge
section, however, might present this problem over the entire wing surface.
Low frequency modes are difficult to measure by using this technique due
to the large amplitudes required to obtain accelerations equal to gravity.

Models thalt are very light in weight and also very lowly damped
(having sharply tuned reasonances) present difficulties because of the
rapid Increase in amplitude near the resonant frequency. The sand thsat
is sprinkled on the wing increases the mass of the wing enough to cause
its frequency to shift slightly and thereby change its amplitude con-
siderably. This condition mekes control of the wing amplitude difficult
as sand bounces off. Control of the amplitude can be msintained by
adjusting the shaker frequency and output.

EXPERTMENTAL VIBRATION MODES OF SEVERAL FIUTTER MODELS

Description of Models

A complete description of the test models is presented in figure 7.
In order that thickness distribution of the models may be readily avail-
able, the ordinates of the section shapes, except for the flat plate
models, are presented in table I.
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The models were sprayed lightly with a flat black paint to serve t
as a background for the white sand. Electrical resistance strain gages
were mounted at the root. -

Results and Discussilon _

The first three natural vibretion modes and frequencles are shown
in figures 8 to 17. The modes are presented in perspective, looking from
the root to the tip with the leading edge on the viewer's right. The
wing semispans have been foreshortened slightly as an aid in perspective,
and the wing deflections have been normelized on the maximum deflection.

The vibration modes, as drawn, provide a quick qualitative repre- -
sentation of the mammer in which the vibrating wing 1s deflecting. For . '
a more detalled analysls of the vibration modes, tables of the normallzed
deflectlons at the 0.1, C.3, 0.5, 0.7, 0.9, and 1.0 semispan, and the
0, 0.25, 0.50, 0.75, and 1.00 chord statlons are presented wlth each
drawing.

The first three mode shapes and frequencies for a cantilevered rec-
tangular 2- by 5- by 0.064-inch megnesium plate were measured and are -
presented in figure 18. Also presented in the figure are theoretically =
obtained mode shapes and frequencies. First torsion modes were calcu~ -
lated by means of the plate theory of reference 5 (using the solution
of eg. (4%3)) and also by means of elementary torsion theory. (See, for
example, ref. 3.) Elementary beam theory was used to calculate the
bending modes.

CONCLUDING REMARKS

A unique acceleration technique for measuring the natural vibration
mode shapes of small wing models ig described. The first three natural
vibration mode shapes are presented for ten cantilever-wing models.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeromnautics,
Langley Field, Va., December 6, 19%6. -
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TABLE T

NACA TN 4010

NACA 65A ATRFOIL ORDINATES FOR t/2b = 0.020 and +t/2b = 0.040

X NACA 65A002 NACA 65A00L
100(%;) 42 42
0 0 o}
5 156 311
1B .190 378
1.25 22 481
2.5 .329 .656
5.0 U39 BTT
7.5 531 o 1.062
10.0 .608 1.216
15 .T3L 1.463
20 .824 1.649
25 .895 1.790
30 LT 1.894
35 981 1.962
4o .998 1.996
L5 997 1.996
50 OTT 1.952
55 .936 1.867
60 BTk 1.742
65 .T96 1.584
70 .TO4 1.400
V) .601 1.193
80 .488 .966
85 369 .728
90 247 190
95 126 .2h9
100 .005 .009
Leading-edge
radius . . 0.0255 0.102
Tralling-edge
radius « . 0.0045 0.010




" 9R

RACA TN L4010

.u_% w/
A

RN

&

Sh,

3 -
2

Ly
|

Wing amplitude

Ampiitude
or
Acceleration

=}

Semispan, x




1-95907
Flgure 2.- Sample photograph showing how the regilons of moving and stationary sand Indicate

contour lines.
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Figure 3.- Sample of a composite drawing of a 1450 swept-tapered wing vibrating in the third mode
showing the contomr lines.
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(a) First natural vibration mode; £1 = 35 cycles per second.

Figure 8.- Natural vibration modes for magnesium flat-plate model. A = 159 A = 1.0; t_/Eb = 0.020;
A = 5.35.
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(a) First natural vibration mode; f1 = 39 cycles per second.

Figure 9.- Hatural vibration modes for msgnesium flat-plate model. A = 30°; A = 1.0; t/2b = 0.018;

A= k5.
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(b) Second natural vibration mode; fp = 212 cycles per second.
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Figure 9.~ Concluded.
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(b) Second natural vibration mode; fn = 207 cycles per second.

Figure 11.- Continmed.
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— Beavy long dashed lines indicate shape
/_or wing at maximum amplitude of cycle.

1.0% _.=_'_f_./ /A\
.9 / \
\ > ,/ ——AR
/ -~ y— Heevy solid lires Lndicate
2 / / wing at rest.
e i —_
t-l’qo _3 /—' /4
on
eﬁ@j% \ N // S -——\
\L__ 1 /Bé/,
\ "
~= Fraction Normalized deflection at 74 =
of
chord 21 3 5 o7 ) 1.0

Olm ".024 -lm --34‘7 -.6% -.6‘67 ".650
.25 “1045 "'-125 ".202 --303 --505 "'.707
.50 --0'71 +000 0238 -216 _-252 "'.666
o775 »101 «545] W8O8 | 657 ~.162( ~.656
1.00 465 | 4980 | 1,000 | 4657 | =4353 |=1,000

(c) Third netural vibration mode; f3 = 380 cycles per second.
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S Heavy long daghed lines indlcate shape
of wing et maxjimm amplitude of cyela,

Heavy eolid lines indica

wing at rest. /r—

I ——
[Fraction Formelized deflection at y/z =
of

i

1.0 ‘
chord | 41 3 1.5 |1 (o [10 /X ! /___\‘
0,00 |.o03 | 06| .180] .360 | 686 | .97 /.9

025 IOOIP .%5 .]-83. -368 .701 1-@

\
. 3 -%5 0172 -356 -696 0985
.Zg ;% -057 -164 .341 .676 -950 / S S———
1,00 »001 039) 351 324 | 640 ) .88
Y

) \
& I -

(=]
L

¥ magnesium model with NACA 65A section. A = 0% A = 0.20;
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Heavy sclid lines indicate
wing at rest.

Fraction Normalized deflection at ¥/2 =
of
chord L -3 o5 W7 «9 1.0
0.00 =000 | -, 082 ~.246| =,208 | 540 [1.000
5 [=,013 | -,108 | =246 =119 | 494 | J92%
-50 "0016 "-109 -.254 "¢151 .457 .8%
-75 -.012 -lm "'-264 ".200 .436 .870
1.00 -'.Cm -nms "'.277 -l259 '4'24 K
&
&
&>
o5
g
&

1

Heavy long dashed lines indlcate shape
of wing at maximm ampilitude of cycle.

[ e

oL

(b) Second natural vibration mode; f» = 370 cycles per second.

Mgure 12.- Continued.
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}4

Heavy long dashed lines indicate shape
of wing at maximum amplitude of cycle. 7

feavy solld lines indicate
wing at rest.

| Fraction Normalized deflection at yZ2 =
of
choxd o1 -3 5 i .9 1.0

1.0

0,00 07, | 586 | 7L | L1687 L21 ) L4722
25 2050 | 346 | .568 | .64 J63 ) JA45
ISO e --076 ooatp "ol]ll- ".227 "-,363
075 "-059 -llts:l - ‘-558 "'1636 "0799

2,00 |=.07% k.521 ko875 |.683  |-.217 F1.000 T
& /7
& /l / s

" (c) Third natural vibration mode; f3 = 510 cycles per second.
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Figure 12.- Concluded.
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V-Heav;y long dashed lines indicate shape

mouvdmmim ol ddAa AT aala
ad LUgE GHUPLL bUWS WL Lyl s

— Fraction Normalized defleotion et y/3 =

\h of

-\ o chord ol -3 05 o7 19 1.0
l i — 0,00 010 | .07 |75 | 0320 | .606 | 788

i .25 023 | .o97 | W20 | 378 | .67 | .84

1.9 N\ 50 | .030 | .120 | .245 |.428 | 720 | 896
.75 L037 | L1377 ] W2T3 | AT JTTL | 946
'9 \ 1.00 .OA-A 0158 l305 l532 1830 1-0&
\ N
I (\ \
% TN N\
nf:( \ \\
Y \
Ry 5 " Heavy solid lines indicate

5‘@3 i . ving at rest.
‘é’% \\‘ \

A .
X ~

Q

(a) First natural vibration mode; f; = 95 cycles per second.

Figure 13.- Natural vibretion modes for wood model with NACA 654 section. A = Lb5Cs p = O.k;

wfom _ o pnhe A= b o0
UIC.U - U-U‘r’ £ = Tale
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Heavy long dashed lines indicate shape
of ving at maximum amplltude of cycle. Fraction Normalized deflection at y/3 =
of
GhOI‘d -1 03 05 -7 .9 1-0
0.00 L010 | .092 | 265 | 474 J4T9) W480
1.0 / 25 .020 009'7 0255 14-03 -II-DB -393
! 050 -015 .051 -0& -097 0102 l089
4 \ 75 |-.091 |-.163 |-3210 F.s39 | -.500] =520
'9 1om -.wz "0377 ".739 P-.9[|4 -.995 -Lmo

'?90 2 /— Heavy so0lid lines indicate
%, / \/— wing st rest.
2

0

(b) Second. natursl vibration mode; fo = 326 cycles per second.

Lo Figure 13.- Continued.
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Heavy long dashed lines indicate shape
of wing at meximum amplitude of cycle.

OTOf NI VOVN

A N * J iIGBB “elO{f ‘.2}’0 [ n J L 720 a2y

2 5 |=a04b [=1B [wi288 [i069 | 2436 | 787
\ 1.00 -|056 ".220 -.2& ".033 0541 1lm
T — =

5\ N
% s AN

. Heavy solid lines indicate
0, \l\/— wing at rest,

() Third natural vibretion mode; £z = 390 cycles per second.

14

Figure 13. Concluded.




Heavy long dashed lines indicate shape
of wing at maximum amplitude of cycle.

Fraction Normelized deflection at yA =

- ¥, af
Ui

chord ol o3 05 o7 .2 1.0

Olw -ml 1020 -140 -333 .646 '808
.25 002 |.047 ) .| .u06 | 692 | L846
-50 .m c%g -228 -463 -7‘!3 ~ =
.75 -m . U;S .281 n526 .801 IQAO

1.00 017 | 136 340 ] 591 | .936 ]1.000

1.0

(a) First natural vibration mode; £, = 43 cycles per second.

Figure 14.- Neturel vibration modes for wood model with NACA 65A section. A = 609 A = 0.k
t/2b = 0.0k; A = 4.0,
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/——Heavy loog dashed lines indicate shape

v / of wing at maximmm emplitude of cycle.
\
\

\ \R Fra;;ion

Normalized deflection at y/3 =

chord o o3 -5 o7 8 1.0

1.0 0,00 | -.001)-.080 -.2208 =272} 055 | .550
-25 '0008 --120 "'-234] -.2% I .650

150 --015 --155 _1245 "l180 .327 -760

<75 ~.0301 - 188 =, 2520 =.0951 482 878

1-m --050 -.220 -0252 -%5 * 1.000

wing at rest.

Heavy solid lines indicate

(b) Second natural vibratlon mode; £ = 171 cycles per second.

F‘igure 1“‘- ~- COH'biD.U.Ed.-
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Heavy long dashed lines indicete shape
of wipg at maximm awplitude of cycle,

Fraction Wormalized deflection ab ¥ =
£ - e ——
cgnrd o o3 o5 7 .7 1.0

Uum "0013 -1169 -0385 ".634 ".878 -1.000
.25 ".02'7 "0149 --283 '5351 -1473 -'531
.50 ""0027 -.074 -013 -w[} ".04.0 "-176
75 03l 2161 .a32 .58 .338) .18

100 | .ass| .eag] 939 .905] .| 3T

~—Heavy solid lines indicate
ving at rest.-

OL

(¢) Third natursl vibration mode; f3 = 328 cycles per second.

Figure 1h.- Concluded.
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of wing at maximum smplitude of cycle,

/—Heav;y long dashed lines indicate shape

Fractlon Normelized dflection at y/2 =
of

\ chord . o3 o5 .7 9 1,0

0.00 001 .003] .013{ .035| .121] .312

\ 25 | .oon| .o0s] .08l .o41| .180] .460

1.0 .50 2002 L0081 .022| .048] .240] .612
S5 003 Ol2{ ,028| .057| .310{ .78

.9 .005 .015 .034 -07]- .4007 1-000

Heavy svlid lines indicate
wing at rest.

0

(a) First natural vibration mode; f; = Th cycles per second.

Flgure 15.- Natural vibration modes for wood model with NACA 65A section. A = 60% A = 0.20;
t/2b = 0.04; A = h.0.
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y—Heavy long dashed lines indicate shape

of wing at maximum emplitude of cycle. chord %] 3 .5 7

' 0.00 002 | 1200 .474) .650
\ 25 | o0r ) s8] L300 406

Fraction Yormalized deflection at y/2 =
of
9 1.0
30| L680(
lzfso .64-0
-50 .D]J— -128 l074 "00-49 -178 0526
- it -.WG 'm
--316 .263

/ Y ] 1 i
~ o2 el T lSO] MoRll]l ™a20)
! / \ 1.00 ‘0084 "0522' - "'1.0

(b) Second natural vibretion mode; fn = 208 cycles per second.

Figure 15.- Continued.

1214

OTO NI VOYN




\Eeavy long dashed lines indicaie shape
o

1.0

N 7

f wing at maximum amplitude of cycle.

Normalized deflection at y/2 =
.1 ls .5 07 -9 1.0
"l002 --010 ’ "|083 "'.179 .%8 |472
"0002 -.018 "0:1.21 "0145 n132 .555
'-004 "-029 '-136 'om -255 -694
'om "-055 "-143 "'-061 -395 -838
hatl ) -,102 --145 ucm 1555 1n0m

solid lines indicate
wing at rest.

~.

N

(c) Third natural vibration mode; fy = 415 cyeles per second.

FiE,'LII'e 15-" Concl'llded.-
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Fractlan of semlspan

Hee.v;/ long dashed lines indicate shape
\ of wing at maxipum amplitude of cycle.

n\ Fraction Normalized deflection at y/3 =
f

\\ G;Grﬂ ;l a3 <5 47 =9 1.0
1 0 k \ 0.00 .021 .087 .186 0357 .702 1.0
N 25 L029 |.107 |.214 |.400 o742 1 1.0
2 N 50 | o | |7 |ws3 | o | 20
: N 37 .33 | .278 | 507 796 | 1.0
1.00 L0327 1,146 | 4297 | 528 820 | 1.0

N\

c? T

\\ »—Heavy eolid lines indicate
wing at rest.
.5 :25;?
S

i
/

(a) First natural vibration mode; f3 = 50 cycles per sSecond.
1

Figure 16.- Natural vibration modes for 45° magnesium flat-plate delta model.

t/2b = 0.006.
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Fraction or sl enpy

a9

CTOH ML VOWN

Heavy long dashed lines indicate shepe
Y Fraction Normalized deflection at y/2 =
oL ~T

of wing at maximum amplitude ol cycle.
7 9 | 2.0

\ chord | 1 | .3 | 5

0000 -.052 --319 "-729 _0350 n325 1-0
125 "'-069 --365 _1514 F.173 .4:'.0 1.0
-50 -.065 "'.285 "-296 -020 0490 1-0
75 =029 | =.115]=.052 | .221 .580 | 1.0
1.00 07 069 183 | 420 681 ] 1.0

\\
Heavy s0l1d lines indicate

3 wing at rest.

- te—— e T ——— __Jﬂ%

(b) Second natural vibration mode; fo = 184 cycles per second.

Figure 16.- Continued.
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Fra.l:tion of semi Span

Heavy long deshed lines indicate sha:
{ of vipng at maximum ampli budec:f cyclge Frac;ion Normalized deflection at y/2 =
o
chord .1 -3 .5 I? I9
\ ' 0,00 L050 | 200 | L270 | 420 | L7600
1.0 . : 25 050 | 125 | 130 | .270 .730
\ . .sﬁ --016 -.Us'.i -125 0075 -6?0 LU
9 Y ' 75 =070 "-360 "-485 ".14-0 o6m 1.0
-1.m ".]-25 ".710 "a830 "!305 0575 1.0
T - . \\ '
. Heavy solid lines indicate
5 // < I \/ wing at rest.
‘,
//
—
-
'IF_-—___—__—.-——— m—— \
0 .
258 cyclee per second.

(¢) Third natural vibretion mode; Tz =

Figure 16.- Concluded.
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Figure 17.- Natural vibration modes for magnesium 60° flat-plate delta model.

N

N
WIS L N
B

Fraction Normalized deflection at y/z =
of .
chord .1 -3 15 07 19 1.0
0.00 -mz .025 .139 l[l-ls -'750 1.000
«25 004 | 067 {.232 |.502 |.800 1,000
50 | w013 | 126 325 |54 .35 |1.000
75 021 | .158 | 337 | .570 [.B50 |1.000
1,00 W025 | 160 | J342 |.580 |.860 |1,000

Heavy sclld lines Indicate

erinag ok ract
WAdlf, v wwrava

/—

F
.T.b

'*---___\ Beavy long dashed lipes indicate ghape
/_ of wing at meximum amplituds of cycle.
XS

O~

) o ~_
\ T~

(a) Pirst natural vibration mode; £1 = 66 cycles per second.
t/2b = 0.00%, based

o ront ohord .
on roQT cnora.
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]

Fraction Normalized deflection at y/2 =
of
\ chora oi .3 !5 .7 .9 1.0

0.00 "-023 ".350 "‘lom "0849 .302 1.000

025 -0093 ".477 "'872 "-550 .438 1-m0

+50 =116 |~.349 "o45d -.093 -640 1,000

-75 ‘-035 ~a 1023 03?2 .780 1.000

1lm .m 1198 me .620 58'?2 1.000

Heavy solid lipes indicate
wing at rest.

Heavy long dashed lines indicate shape
of wing at maximum smplitude of cycle.

Figure 17.- Contimmed.
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o
5
Fraction Normalized deflection at 32 = -
of =
chord ol 3 o5 o7 ] 1.0 >}
|_.I'
0,00 {.006 |.076 | .059 | .150 [.745 |1.000 e
l25 0029 -071 0029 0132 .722 1.000
\ .50 ".M "'-053 -0147 -070 .9?5 1-0m
\ -75 ‘-Ej -0417 "ofl-a—; "oo-flﬁ .00'7 1.000
iJ\ l 1,00 .17 |-.500 F.523 FJHR O 1.640 {1.000
0 \
9§ N
9 Heavy 50114 lines indicate
wing at rest,
. ?e“"
7 Rt \
S Heavy lohg dashed lines indicate shape
S of wing at maximum amplltude of cycle.
—_ﬂ

{faY MLdod siodeimenT weflosdd s o3 . B -l _ -
\C) LOLLO Oalilal VDO ool moae, "'5 = 220 CyCclind per second.
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Normadlized deflection

46 NACA TN LO10

1.0 y _.;Z
—/—/
Torsion mode shape ,f’¢ — A
435 cps — T //
8 5~
£l . - // _ /
ementary forsion theory — e | //
(ref. 3} 384 cps—'\ PP / / [
S A A AT /
/4 / Pl . // —
A
Ve
4 Plate theory V/ < / ] //
(ref 5) 433 cps— )/// P l
f
27‘ _IFirst bending mode shape /(
2 // 7 > 83 cps 2
A = - First bending mode shape /
= _L= using elementary beam iheory 4
O% — 808 cps /14
‘\\ /ﬁ
-2 /7
\ ‘ /
7Y
N - 7/
-4 NN Second bending mode shape/ 4 Theory
X\ 525 ops~ f }———Experimem‘
i\'\ - @
-6 N =1
1T |>-Second bending mode shape
-8 - using elementary beom fheory
507 cps
% ) 2 3 4 5 6 7 8 9 10

Semispan sfation

Figure 18.- Comparison of theoretical and experimental vibration modes

of 2- by 5- by 0.064-inch magnesium flat-plate cantilevered-wing
model.

NACA - Langley Field, Va.



